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1. Title of the Invention 

Process for Fabricating Semiconductor Device 

2. Scope of Patent Claim 

1. A process for fabricating a semiconductor device, 
characterised in that it is a process for fabricating a 
semiconductor device comprising a substrate provided thereon 
at least one of PI and NI junctions, provided that an 
intrinsic or a substantially intrinsic semiconductor layer 
which constitutes the I-type semiconductor layer is fabricated 
by plasma enhanced chemical vapor deposition using a purified 
hydride or haiide of silicon or germanium whose impurity 
concentration concerning gaseous oxcide is controlled to 0.03 
ppm or lower or the same concerning gaseous carbide expressed 
by C.Hn (m Z 2) is controlled to 0.5 ppm or lower. 

2. A process for fabricating * semiconductor device as 
claimed in Claim 1. wherein, the reactive gas comprising a 
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hydride or a halide of silicon or germanium is purified by 
using a molecular sieve or a zeolite having an effective pore 
sire in a range of from 2.9 to 4. 65 A . 

3. A process for fabricating a semiconductor device as 
claimed in Clai- 2, wherein, the molecular sieve or the 
zeolite is expressed by a molecular formula Nan (A10 2 ) (SiO : ) • 27 

- 30H 2 O or (K 4 2n 4 ) (A10 2 ) (Si0 2 ) -21 - 30H 2 O. 

4. A process for fabricating a semiconductor device as 
claimed in Claim 2, wherein, the molecular sieve or the 
zeolite is cooled to a temperature in the range of from -100 
°C to room temperature. 

3 . Detailed Description of the Invention 

The present invention relates to a photoelectric 
conversion device having at least one PIN junction, said 
device fabricated by using a high purity gas for semiconductor 
fabrication whose concentration of carbon or oxygen is 
decreased to an extremely low level* and to a process for 
fabricating the sane. 

An object of the present invention is to provide a 
photoelectric conversion device comprising a substrate, 
optionally having thereon a first electrode, and a non-single 
crystal semiconductor layer having at least a PIN junction 
fabricated by depositing layers of a P-type, an I-type, and an 



N-type semiconductor. In an intrinsic or a substantially 
intrinsic semiconductor layer (i.e.. a semiconductor layer 
into which a P-type or an N-type impurity is added either 
accidentally or intentionally at a concentration of from 1 x 
10" to 5 x 101' cm-2) which generates photovoltaic force upon 
irradiation of light in the photoelectric conversion device 
according to the present invention, it is an object to 
decrease the concentration of oxygen or carbon which induces 
the generation of recombination centers or which enhances the 
insulating characteristics to a super low level. 

The object above is accomplished in the present 
invention by taking advantage of the molecular size of the 
reactive gas that is used in the device fabrication, for 
example, a gaseous silicide such as silane, polysilane. and 
silicon fluoride, or a gaseous germanium compound such as 
germane. Kore specifically, the reactive gases above have an 
effective molecular diameter of 4-8 A or larger. 

Accordingly, impurities having aa effective molecular 
diameter (referred to simply hereinafter as "molecular 
diameter*) of 4. S A or less, for instance, a gaseous oxide 
such as water (H s O> . gaseous carbon dioxide (CO,) . and gaseous 
oxygen (0 5 ) ; or a gaseous carbide such as methane (CH«) . ethane 
(CjK,), propane (C,H.) . CH,OH. and C«H«; can be adsorbed and 
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separated from the reactive gas using a molecular sieve or a 
reolite having an effective pore diamezer in the range of from 
2.9 to 4.65 A. 

The adsorption ability of the molecular sieve or the 
zeolite can be further enhanced to 50 tines or more of its 
ordinary ability by cooling the adsorbent to "a temperature in 
a range of from -100 'C to room temperature, preferably, in a 
range of from -70 to -20 e C. 

in this manner, the initial intrinsic conversion 
efficiency of 6 to 8 % under an AMI condition (100 mW/ar.') of 
a non-single crystal semiconductor, particularly, of an 
amorphous semiconductor, can be increased to a range of from 
11 to 14.5 %. 

Particularly in the I-type layer, i.e., the active 
semiconductor layer, the concentration of oxygen is lowered 
from the conventional level in a range of from 2 x 10t. cm -3 co 
4 x 10" cm-> to a range not higher than 5 x 10" or', 
preferably to a range of from 1 x 10" to 1 x IQU «-», and 
further lowering the concentration of carbon clusters to a 
level of 4 x lOi' car* or lower, preferably, to a range of from 
4 x 10" to 1 x 10" cm-i. Carbon clusters as referred herein 
signifies cluster-like carbon atoms that ar. combined by a 
plurality of C-C bonds inside the semiconductor. In this 
wnaer, the density of recombination center, inside a semicon- 



- 4 - 



ductor, for exaxple. a silicon semiconductor, is successfully 
lowered from the initial 1 x 10« cn-J :o 1 x 10" c=r' or 
lower, and preferably, to a range of from 5 x Id* to 1 x 10" 
cm -1 . 

Conventionally , inside a semiconductor, specifically a 
silicon semiconductor, oxygen atoms have been believed to 
locally form Si-O-Si bonds to impart insulating properties to 
the semiconductor. However, in case oxygen atoms aggregate 
into a cluster containing from several to several tens of 
atoms inside the semiconductor, the clusters then provide 
recombination centers for the electrons or holes. These 
recombination centers function as killers of the minority 
carriers which generate upon the irradiation of a light. It 
has been confirmed that this clearly occurs in a non-single 
crystal semiconductor fabricated by a plasma enhanced chemical 
vapor deposition process. Furthermore, the dangling bonds of 
oxygen have found to function as N-type donor centers. Thus, 
it has been found that a semi -amorphous (semi-crystalline) 
structure-sensitive non-single crystal semiconductor having 
lattice strain is readily rendered N type-conductive. 

Accordingly, it is believed particularly important 
from an industrial point of view to fabricate a structure- 
sensitive intrinsic semiconductor from which oxygen atoms are 
substantially removed. The oxygen atoms are preferably present 
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at a concentration as low as possible, because they provide 
the donor centers. Intrinsic semiconductors as referred herein 
signify those having a Ferni level at approximately the center 

of the band width. 

Considering carbon atoms. furthermore, ethane and 
other hydrocarbon compounds expressed by C = K n (where, m * 2) 
have found to directly intrude into the semiconductor to 
generate a plurality of recombination centers. These 
recombination centers decrease the life time of carriers, and 
particularly, that of the holes. 

In the light of the aforementioned circumstances, the 
semiconductor device according to the present invention is 
characterized in that impurities are removed from the silicon 
semiconductor. The device according to the present invention 
is also characterized in that said semiconductor comprises 
silicon added therein hydrogen or oxygen atoms as the 
^ principal components, because hydrogen and oxygen atoms 
function to neutralize the recombination centers, and that a 
trivalent or pentavalent impurity is added at « concentration 
of from 10i« to 3 x 10" cm-' to shift the Fermi level of the 
resulting semiconductor. 

in general, silane molecules are less than 5 A (more 
specifically, from 4.8 to 5 k) in effective molecular 
dia»eter. Germane molecules are about 6 A in dia-eter. 
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(Polysilane are further larger in effective molecular 
diameter. ) 

Considering a reactive gas comprising molecules having 
Che smallest effective molecular diameter, i.e., silane 
(monosilane) molecules, for instance, 'the gas contains ocher 

impurities as listed in Table 1. 

Table 1 

EojL_FDitfljdJJL for Electron i cs 



Purity (%) 




99.99 




99-9 


Hydrogen (ppm) 




300 




3,000 


Nitrogen 




5 




50 


Oxygen 




0.1 




1 


Argon 




10 




50 


Helium 




10 




50 


Methane 




5 




50 


Ethane 




0-1 




0.5 


Ethylene 




0.1 




0.5 


Propane 




0.1 




0.5 


Propylene 




0.1 




0,5 


Chloride 




10 




50 


water 




3 




5 


In a 


practical process 


of 


epitaxial 


semiconductor. 


the 


c one en t rat i on 


of 


oxides and 


lowered to about 


1/30 of the 


nominal value 



- 7 



segregation effect which occurs during the gas-solid reaction. 
Accordingly, a substantially intrinsic semiconductor having a 
resistivity of 100 flcm or higher can be obtained. 

In case of employing plasma enhanced chemical vapor 
deposition in a temperature rar.ge of from 100 to 400 *C using 
glow discharge, however, a physical purification method taking 
advantage of the segregation can no longer be expected to take 
place. 

It can be readily understood that in the case above 
using plasma enhanced chemical vapor deposition. the 
impurities enumerated in Table 1 are directly incorporated 
into the semiconductor. Oxygen, in particular, wholly reacts 
with silane to provide reaction products. A part of silane 
molecules, more specifically, from 1 to S % of the entire 
molecules, is activated (ionized) by the plasma reaction. 
Accordingly, it has been found that silaxie is condensed inside 
the thin film semiconductor at an extremely high concentration 
of from 2 x 10" to 4 x 10" cm-». This accounts for about 20 to 
30 times the concentration of silane In gaseous state. 

It is therefore found experimentally that it is 
extremely important to purify the reactive gas in the reaction 
apparatus before using it in plasma enhanced chemical vapor 
deposition process. 



Thus, more specifically, ic is particularly important: 
in the I- type semiconductor layer according to the device of 
che present inversion to decrease the concentration of oxygen 
and carbon clusters to 5 x 10" cm-' or lower and to 4 x ion 
cm-' or lower, respectively. The very object of the present 
invention is to purify the semiconductor. 

The present invention is described in detail referring 
to the accompanying figures. 

Fig. 1 shows the scheme of an apparatus for 
fabricating the semiconductor device according to the present 
invention. 

Referring to Fig. 1, a reactor (1) is equipped with an 
external heating furnace (21), substrates (22), a pair of 
electrodes (3). (3), a high frequency generator (2) (for 
instance, a 13.56ME* or a 100KH: generator), another generator 

(17) for activating and decomposing the reactive gas. for 
instance, a 2.4SGH: generator or any which produces a 
microwave 1 GHz or higher in frequency, and an attenuator 

(18) . 

The microwave thus generated was supplied from an 
outlet protected by a ceramic member (19) to the reactor (1) 
maintained at a pressure of from 0.001 to 10 Torr. The entire 
reactor is covered with a shield (20) to prevent jamming from 
occurring. The electric field which develops upon depositing 
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Che thin film semiconductor on the substrates (22, using a 
reactive gas is controlled to be in parallel with the surface 
of the substrate. Furthermore, the reactive gases are arranged 
in such a manner that they make a laminar flow in parallel 
with the surface of the substrates when they are introduced 
into the reaction furnace. 

The reactive gas is introduced from an inlet t7) using 
a carrier gas, for example. gaseous hydrogen whose 
concentration of impurities such as oxygen and water is 
lowered to 1 PP b or less. and preferably, to 0.1 PP b or less, 
in case of forming a thin silicon film, a gaseous silicide. 
i.e., silane, is introduced from an inlet (4). At the same 
tiffle , diborane diluted to a concentration of from 500 to 5,000 
ppm using a P-type impurity, hydrogen, as well as phosphine 
diluted with hydrogen are introduced from inlets (5) and (6,, 
respectively. 

The reactive gases above are introduced into the 
reactive furnace at a predetermined rate each via pairs of gas 
purifiers (11) and (14). (12, and (15), and (13, and (16). 
respectively- Molecular sieves or zeolite 3A. 4A. or 4.5A have 
an effective pore diameter in a range of from 2.7 to 4.65 A. 
and ere provided on the inlet side for the reactive gas of 
each of the gas purifiers. More specifically. ~l.cul.r sieve 
or zeolite 4A having an effective pore diameter ia a range of 
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10 Torr, representatively, in a range of fron 0.05 to 0.1 
Torr. 

Fig- 2 shows the characteristic curve of a 
semiconductor layer deposited using the apparatus illustrated 
in Fig. 1. A 1 thick thin film of a non-single crystal 
semiconductor is deposited on a substrate, e.g.. a glass 
substrate, at a substrate temperature of 250 °C in a reactor 
the inside pressure of which was maintained at 0.1 Torr. The 
conductivity upon irradiation of light (AMI) and dark 
conductivity in relation with the high frequency output are 

shown in the graph. 

Referring to Fig. 2, the curve (29) shows the change 
in photoconductivity with that in high frequency output, and 
the curve (30) shows the dark conductivity. If silane is used 
as it is without purification, as described in the foregoing, 
the initial impurities that are present in the gas cylinder 
are delivered into the semiconductor layer. Those impurities, 
particularly oxygen or carbon, renders silicon amorphous. 
Thus, two curves (29) and (30) are shown in Fiff. 2 . More 
specifically, a photoconductivity of 10-> (O-cml-i i, obtained 
at a high frequency output of from 20 to 30 W, however, the 
crystallinity of a part of the semiconductor is impaired at 
the same time. Thus, the resulting silicon is rendered semi- 
amorphous. This happens because oxy*en atom, that .re present 
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fron 3.5 to 4.3 A is used. The molecular sieves or zeolite 4A 
are expressed by a molecular formula Na(A10 2 ) (Si0 2 J -27 - 30H 2 O, 
and molecular sieves or zeolite 4.5A are expressed by (K,Zn 4 ) ( 
A10,) (Si0 2 ) -27 - 30H 2 O. Furthermore, the gas passed through the 
molecular sieves or zeolite is passed through a deoxidizer, 
gas clean (GC-RX. manufactured by Nikka Seiko K.K.) . 

The chemical adsorptivity of the purifiers can be 
further increased by cooling them to a temperature in a range 
of from -70 «C to room temperature. For instance, the 
purifiers are cooled to -30 -C using electronic thermostat 
layers (6). (9), and (10). In case of hydrogen diluted 
phosphine, molecular sieves or zeolite 3A or 4A are used 
because the effective molecular diameter thereof are about 4.3 
A. Molecular sieves or zeolite 3A, 4A, and 4.5A are found all 
effective for silane and diborane. 

For silane. molecular sieve or zeolite 4.5A is found 
particularly effective; in addition to oxygen which is apt to 
function as an N-type impurity, phosphine reduces the surface 

content to 0.01 ppb. 

Evacuation is carried out using an evacuation system 
comprising a needle valve (25,. a stop valve (24,. a vacuum 
pun* (23,. and then through an outlet (26,. The inner pressure 
of the reactor is thus maintained in a rang, of from 0.001 to 



- 11 - 



. afc ^^ 0 -d-cror function as ccr.cr centers 
as impurities- in- the sea-co-cco.. 

.V. erti-e ser-iconductor S-type conductivity . 
to ir.part the enti-e 

;-^-fs'- r -'~. be obtained by 
Conclusively, an intrinsic semic-nd-c .o 

i-ou-ty which imparts the opposite 
adding boron or any other i-P— -«-/ 

j >r » concentration of 

conductive typ. to the semiconducto. at - 

. v 1Ql - __. 3 or bv controlling the higr. 
from 1 x 1017 to .> x Id- -a . - 

- in a low region of from - to 5 W. However, 
frequency output in a low ..eg* 

^n.iderably lowers the photoconductivity to 
either of means consideraui/ 

the order of from 10- to 10- (Q-cm)->. 

Xn.c.ad o £ the convention.! method., the present 
invention eaploys . highly purified silane. ..o-. . 

th e silane «« - * inV ' r - ti0 '" " 

sufficiently purified in g*s P-ifiers ,11, ~d ,14, ««,- »■ 

H or.,v.r. gaseous .11- i» ^ 

after sufficiently purifying the gas. 

A , a result, photoconductivity curve ,27, end d.r* 
conductivity curve .... » .ho» in rig. > ere ehteined for 
eb e thin fil» -iXicon eocordin, to the present invention. 

Th. figure ele«ly reeds that a high photoconductivity 
o£ l0 -, ,fl..,-. i. obtained at !o- pi— discharge output of 
fro. 1 to 10 W. end that a lev car, conductivity in a range of 

^ • a -r-a- *s. a sufficiently 
fro* 10- to 10- «n.«l-i is obtained. ...a. 

, a a - intrinsic semiconductor is 
high activation energy « »~ 
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th. Present invention is well parable to tha, of a single 
crystal silicon, i.e.. 

(ft-CEl) -1. 

Th. present invention is particularly advantageous in 
that th. desired semiconductor is producible at such a low 
pi— Power output. «or. specifically, in fabricating a f» 
junction a. in the process of th. present invention by 
sequentially depositing th. P-. I-. — «"W *» 
order, a mixed layer U apt to form at the boundary of th. 
1 ay.rs dif faring in conductive type if a high plasma power 
output is applied. «or. . P .cif ic.lly. a distinct boundary is 
pr.f.rably formed between th. lay.r. differing in conductive 
type. Thus, if this L attempted by applying a high plasma 
power output in cas. of forming an I-type layer on a P-typ. 
aay.r. for instanc. th. sputt.rin, effect of the disch.rg. 

damages th* P layer. 

In c... a microwav. at a frequency of 2.45 CHx i. 
applied, th. -.position rat. of th. thin film U found to 
incre... to about 3 to 5 ti«. that for th. «.. r.frring to 

s pv,. resulting thin filn 
Fig. 2. The characteristics of th. ..suiting 

semiconductor are the .... but th. d.po,ition rat. i. 
increase b-caus. th. ionization rati, of th. r..ctiv. gas can 
b. increased by applying ~~ « » " 2 

OK,, -or. sp.clflc.Uy. i. — of • **» " ta W 
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ot 30 ccminut. under • P«« 

instance, trx- * ac oli© d - 

, if a high fre^ency P q£ 
3 A/second ^ increase d to a 

^ the deposition rat raicr owave at a 

However. adding th e »xcr 

fr o* 10 co 15 A/sec-d by 

— of OH, thseugh ^ e3Cperiw entation 

Fig . 3 is a ,ra P h o. ^ ^ .11— 

to show how the *as * , ^ ^cissa shows 

— - the * of th . thi , ^ «- 

the concentration .f ° ^ o£ Courier 

cen centration is ^ ^ ^ 

, « infrared Spectroscopy)- ^rf to 

Transform Intr ligllt iS i.ra 

the electric conductivity 
shows the ej.c 

tb. ««»• .,4, „d zeol"« (HI « 

- ««■ - ob ":: eh u.--« .« - - 

„ b. « 1- « M " u 
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. che thin 6t 
„ are incorporate* ctlV eiy- I?1 

^ carbor. ar.0. j.oi» c» • t <!l9 

a concenc presence ot 

cM > »• — - „„duc»«»- lU , and l*> 

ww lowers tne curves i 

further re. c0 ncentr*txon 

using catb ° n s te ,p.c^- w ' 

as eCetS ' curV es -e eor 

conce^r.tion ^ lat ter ^ a 

nw * he £ ° are incorpora* 

and carbon ^tivW- 
in which oxygen iQl6 ctR o. 

€ 3 x 10» ^ in ,he order of 10 

co nce, t racion •* ^conductivity coo e-«^~ 

w^r having a * n; n g the 

x-i can *>e . , ^- lower 

• , lowered W 

teB «>erature x* ^ . c . carbon in 

iftUf ** .t l " 



.« *. — - - — — d — d .~ g 

,.«™-fee- by lowering 
limit o* » *a sS spectromete- oy 
below the detection linuw o- a 

-100 4 C. The concentration o* 
the purification temperature to -100 

Itale ot an fTI*. ™ U «4 by 

such a hi 9 h Xaval of purification can b. 

«vsteiti shown in 
„«~lUn, «h- to»l i.«* of »y 

*4«alv the mechanism of the 3 oints 
u cc/sec or lower. Accordingly. 

• -K:o a key factor in achieving a 
and the like in the system is also a key 

high purity gaseous silane. £abricate d by using 

r« Fia 4, a structure fabricated «y 
Referring to Fig- *> 

• ** a 1 is described. Referring to 
the fabrication apparatus m Fig. 1 

• film (33) is formed on a 
«. 4 <A>. a transparent conductive fil» <33> 

and a P-type silicon carbide ISx^i-.. 0 
ffla ss substrate (32). and a P typ 

, a x - 0.8, or a P-type silicon se-iconductor (34, 
< x < 1, e.g.. x ^ 
U «— further thereon at a thickness 

teft is then sufficiently evacuated using a cryo pu*P 
system is tnen ch-rei n to forn an 

a a ourified silane is introduced therein 
"* * ^ . v „ (31) to a thickness of 0.5 u»- 

intrinsic semiconductor layer (3D 
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- - « 200 A thick N-type 

, lM C be entire system agaxn. a 

^ — ^ r is furthet deposi tea -« 

.^conductor lay" £il=i 
.«« contain^ 1 * phosphine. finally. 

i. vacuu= deposited in » "«»«• 

_ hl 3 > ^ency power output - - ~" 

i6 ~ . - — — — * ;::r:; 

. „„ . c A ^version efficiency » ' ' 
teitcierature o£ 300 c. 

° bCliBed ' ■ ,-cs of the .1— C1 " ^ 

The characteristics of the a 

* „v fabricating a photoelectric conversion 
further ameliorated by 

A ■„ .« a ,» i-tion type « Ill-— » — ' ™ ' 

" thic* X-type se1co„ducto t 

..^conductor layer (341. a 0.5 H» 

and a 150 A thic* fibrous structure* « «» 

' , stalUn. .e.ico»duct.r layer <»> «. 

aendconductor polycry.talUn. ^ 

,c.i»l«e« of* 1 , " bltrl " 

«^ lit - - - 

aepcslt^ thereafter as tr ^ ^ 

aluB inu» auxiliary electrode 

cbtain the Unl structure. iU »,cr.t.d in 

F « the structure thus !»!—«•« «" 

the conversion 
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efficiency t^in, concentration in ». intrinsic 

semiconductor layer « *. parameter is siven in 

A conversion efficiency hi 9 her ^ « » - 

^ «f 1 cm* by controlling che oxygen 
under AMI for an area of 1 cm oy 

* -.ion co 4 x 10« «-> or lower, and particularly, to 1 
concentration to 4 x j.v 

x i.u ar» or lower, furthernore. a curve factor °^ 
t . obtained, in «.« or short circuit current, .specially. » 
^ value of ^ is achieve. The open volt.,. » 
. ranoe of from 0.8S to ...» V. A considerable i»*rove»ent in 

-w.^.d by lowering the eicyoen 
the characteristics is observed by 

concentration and thereby purifyins silicon. 

In case of the example above with reference to F l9 . 4 
the device is fabricated at a low temperature in a ran,, 
of from 200 to ». -C by usin, a polycry.talline fiber- 
structured semiconductor a. the H-typ. semiconductor layer. 
P .r detail of the process, reference can b. — to Patent 
plication ,o. .t-..7..1 '"led ~ »• 

present inventor) . 

Tb. present invention ha. been described in detail 
^v. by specifically referrin, to a photonic conversion 
device havin, a H. Action. However, the device accordin, to 
the present invention may have at least two Junction, by 
serially f.~in, the Uyer. in the order of .««»....«-• 
thi , i. a. i«PO«„t »pUc.tion of the present invention. 
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Hoover. ^ r.s ul ,in 9 structure «y be inte.r.ted on a 

substrate. 

The description o£ the present invention above refers 
sp.ciUc.Uy to a case usino .11— «- particularly. 

» the caseous silicide. However, the present 
invention is also effective for . case usin 9 polysila,.. such 
« disilane. so Ion, as the effective dialer is l.r,. e»ou 9 h 
t o be separated by a -X— sieve. According, the present 

invention i, useful in c... Sir. i» « 

as 5 A. In case of germanium, a 

of SiF« molecules is as large 

„ - _„ 10 < x < 1) fabricat- 
non-single crystal semiconductor Si^., (0 

fGeH <) or pure Ge alone may be used for 
ed by using germane (GeH 4 j or p 

the I-type semiconductor layer of_a_P!N junction. _ 

ll^TeslTipTIorib^e. a photoelectric conversion 

- ' • • , a i«ale PIN junction is described. However. 

device comprising a single pin junc 



device comprising » 

th e present invention is al.o effective for an insulated ,.t. 
field effect ...iconductor device h.vin, an HIN iunction 
<i.... a junction co ro ri.in 9 . In this ord.r. a source or 

m „ A _ source or drain) or a 
drain, a channel forming regxon, and a sourc 

as well as for a transistor having an KIPIN or • 
PIP junction, a s veil as J; — 



PINIP junction J 



4. Brief Description of the Drawing. 



Fig'. 1 is a scheme of a plasma enhanced chemical vapor 
reactor for use in th. fabrication of a semiconductor device 
according to the present invention. 

Fig. 2 is a graph showing the electric characteristics 
o£ a semiconductor obtained according to the present invention 
and that of a conventional intrinsic semiconductor. 

Fig. 3 is a graph shoving the change of electric 
characteristics of a semiconductor obtained according to th. 
gas purification method of the present invention. 

Fig. 4 is a photoelectric conversion device according 

to the present invention. 

Fig. 5 is a graph showing the characteristics of a 
photoelectric conversion device according to a scheme shown in 
Fig. 4 (B) • 

Applicant for the Patent : 

Semiconductor Energy Laboratory Co., Ltd. 

Representative : Shunpei Yaoaraki 
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